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.2013.07Abstract Objective: Community acquired pneumonia (CAP) accounts for more than two million
deaths per year in children less than 5 years of age, mostly in developing countries. Viruses causing
CAP have been identiﬁed in up to 50% of patients in studies using the real-time polymerase chain
reaction (PCR). This study aimed at screening of viral etiology among hospitalized children with
severe pneumonia.
Methods: In this prospective study conducted at Cairo University Children’s Hospital from 31st
March 2010 to 1st April 2011 on 733 children admitted with a clinical and radiological diagnosis
of pneumonia, nasopharyngeal or throat swabs were analyzed for common respiratory viruses,
including respiratory syncytial virus (RSV), human metapneumovirus (hMPV), inﬂuenza B (Flu
B), human parainﬂuenza virus (hPIV), inﬂuenza A (H1N1) and adenovirus (ADV) using the real
time PCR technique.
Results: One or more respiratory viruses were detected in 311 patients. RSV was the most com-
monly detected virus isolated in 197(63.3%) followed by hPIV in 38(12.2%), hMPV in
34(10.9%) and ADV in 26(8.4%) patients. Six cases were positive for H1N1 making the virus
the second least common, after Flu B, identiﬁed in a single patient in our study. Mixed infection
with more than one respiratory virus was detected in 156(45%) cases.
Conclusion: RSV was the most predominantly isolated virus from all patients in addition to being
the most common single virus to cause pneumonia in children with chronic diseases. Although the
most commonly isolated virus in our study, RSV came third in causing complications following
hPIV & H1N1, but this observation cannot be applied to the community.
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.001Introduction
Community acquired pneumonia (CAP) is a disease that de-
mands a great amount of medical resources. It accounts for
more than two million deaths per year in children less than
5 years of age, mostly in developing countries.1 Common
viruses causing CAP in otherwise healthy children include
respiratory syncytial virus (RSV), Flu B, para inﬂuenza viruses
and adenovirus (ADV).2 Human meta pneumovirus is thehe Egyptian Pediatric Association.
74 N. ElBasha et al.second viral etiological agent, after RSV, which causes respira-
tory tract infections (RTI) in children, especially children be-
low 5 years.3
Viruses causing CAP have been identiﬁed in patients in up
to 30% of studies using viral culture and serology for diagno-
sis, and in up to 50% of studies using the real-time polymerase
chain reaction (PCR).4
Underlying conditions that are associated with increased
incidence and complications of viral pneumonia caused by sea-
sonal Inﬂuenza and H1N1 include age less than 5 years with
highest hospitalization rates among children <1 year, patients
having cardiovascular disorders causing congestive heart fail-
ure, patients suffering from chronic lung disorders as asthma
and cystic ﬁbrosis, patients with neurological disorders such
as neuromuscular and seizure disorders and patients having
chronic renal or hepatic diseases.5
The goals of the disease surveillance are to serve as an early
warning system to detect increases in severe acute respiratory
illnesses (SARI) in the community, describe change in trend
and pattern of respiratory disease and identify populations
that are severely affected.6
So, this study aimed at screening of viral etiologies of pneu-
monia among hospitalized children.
Patients and methods
Study design
The current prospective study was conducted in Cairo Univer-
sity Children’s Hospital from 31st March 2010 to 1st April
2011 as a part of the National Sentinel Surveillance program
for SARI (severe acute respiratory illness) in collaboration
with NAMRU-3.
Study methods
Eligibility of patients was deﬁned by the presence of any of the
following: fever at the onset of the disease and/or current fever
or hypothermia, together with at least one of the following
symptoms: cough, tachypnea, sputum, hemoptysis, chest pain,
sore throat or shortness of breath. Diagnosis of pneumonia in
all enrolled cases was based on clinical and radiological ﬁnd-
ings, taking into consideration that the presence of any of
the following signs: working ala nasi, intercostal retraction,
grunting, inability to drink or breast feed, persistent vomiting,
lethargy or convulsions, was an evidence of severe pneumonia
as deﬁned by the WHO.7
This study involved 733 patients with severe pneumonia
that was diagnosed clinically and conﬁrmed by chest X-ray.
Patients’ age ranged from 1 month to 12 years. An oral formed
consent was obtained from patient’s mother or guardian and
the patient was given a printed Arabic version.
Exclusion criteria in this study were all neonates, respira-
tory tract infections rather than pneumonia and patients who
were unwilling to participate in the study.
All patients were subjected to detailed history of pneumonia
(including; signs of severity, treatment, duration of hospitaliza-
tion and outcome), complete blood count (CBC), chest X-ray
and oro-pharyngeal (O/P) & nasopharyngeal (N/P) swabs for
screening of viral etiologies of pneumonia using the real timePCR technique for the diagnosis of the following viruses
(RSV, Flu B, h-MPV, h-PIV, H1N1 and ADV) according to
standardized protocols of the USA CDC in Atlanta, Georgia.8
Follow-up of all enrolled cases was done to record compli-
cations (cases hospitalized in wards for treatment, cases hospi-
talized and needed ICU admission, cases hospitalized and
needed ICU admission with mechanical ventilation and those
who died).
Ethical considerations
The protocol was approved by the Cairo University Hospital
Research Ethics Committee (REC). The aim and nature of
the study were explained for each parent before inclusion.
An informed oral consent was obtained from parents/surro-
gates before enrollment.
Statistical analysis
Data were analyzed using SPSS win statistical package version
15 (SPSS Inc., Chicago, IL).The tests used were frequency
distributions, percentage distributions, mean ± standard devi-
ation, chi-square tests and Fisher Exact tests. P values less
than 0.05 were considered signiﬁcant.Results
During the period from 31st March 2010 through 1st April
2011, eligible infants and children hospitalized with severe
pneumonia were733 cases, all were subjected to viral screening.
One or more respiratory viruses were detected in 311 cases
(42.4%). The median age for viral PCR positive cases (311
cases) was 42 months (range: 1 month–12 years), of them 174
(55.4%) were males and 137 (44.6%) were females.
Virus detection rate of admitted patients with pneumonia
RSV was the most commonly detected virus isolated in
197(63.3%) cases admitted with pneumonia (161 cases with iso-
lated RSV infection and 36/45(80%) cases with mixed viral
infection with RSV and other respiratory viruses). ADV was
the second commonly detected virus in 8/45(17.7%) of cases
havingmixed viral infections with other single respiratory virus.
Age distribution among viruses detected in hospitalized
children with pneumonia is demonstrated in Table 1.
Sex distribution among admitted virus positive patients with
pneumonia
Regarding virus distribution among both sexes, RSV and
ADV were more commonly isolated in males (male/female:
94/63, 20/6 respectively); hMPV and H1N1 viruses were more
commonly isolated in females (female/male: 22/12, 5/1 respec-
tively) while hPIV and mixed viruses were equally isolated
from both sexes (male/female: 19/19, 23/22 respectively).
Viruses detected below 1 year were more common in males
(male/female: 136/100) and 5–12 years were more common in
females (female/male: 6/4).
Seasonal pattern of viruses detected is presented in Fig. 1.
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Figure 2 Distribution of viruses detected among previous
healthy and chronic disease infants and children.
Table 1 Virus detection in nasopharyngeal and oral swabs from hospitalized children with pneumonia.a
All patients (n= 311) Age groups
<1 year (n= 239) 1–4.9 year (n= 62) 5–12 year (n= 10) P value
RSV 161 (51.8%) 127 (40.8%) 30 (9.6%) 4 (1.4%) 0.601
ADV 26 (8.4%) 16 (5.1%) 6 (1.9%) 4 (1.4%) 0.001*
hMPV 34 (10.9%) 28 (9%) 6 (1.9%) 0 (0%) 0.478
H1N1 6 (1.9%) 5 (1.6%) 1 (0.3%) 0 (0%) 0.877
Flu B 1 (0.3%) 1 (0.3%) 0 (0%) 0 (0%) 0.861
hPIV 38 (12.2%) 27 (8.7%) 10 (3.2%) 1 (0.3%) 0.571
Mixed 45 (14.5%) 35 (11.3%) 9 (2.9%) 1 (0.3%) 0.921
a Values are presented as number (%).
* P value < 0.05 is considered signiﬁcant.
 Analysis using Fisher’s Exact test.
Figure 1 Seasonal pattern of viruses detected among infants and children with pneumonia.
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pneumonia
Among our 311 patients, 293(94.2%) manifested by fever of
more than 38 _C, 282(93.1%) by nasal ﬂaring, 218(71.9%) by
chest indrawing, 152(50.2%) by grunting, 39(13%) by vomit-
ing, 20(6.4%) by cyanosis, 13(4.3%) by convulsions and
2(0.7%) by stridor.
For virus positive pneumonia patients with underlying
chronic disease CBC was done for all 311 cases that showed
a mean platelet count (362.5 ± 165.2), and a mean WBC
count (10946 ± 5347.1). Also, chest X-ray was done for all
311 cases that revealed consolidation in 170(54.6%), inﬁltra-
tion in 162(52.1%), effusion in 3(1.0%) and cavitation in
2(0.6%) cases.
A total of 130(40.1%) cases were chronic disease patients,
67(34%) presented by chronic cardiac disease, 31(15.9%) by
chronic neurological disease and 21(10.6%) by chronic respira-
tory disease and 6(1.9%) by chronic nutritional disease. Virus
distribution among previous healthy and chronic disease pa-
tients is demonstrated in Fig 2.
Laboratory data of admitted virus positive patients with
pneumoniaComplications and severity index for viruses were detected
among patients with pneumonia
The mean length of hospital stay was (14.2 ± 14.0),
(10.3 ± 8.6), (9.3 ± 8.4), (9.2 ± 7.2), (8.3 ± 4.7), (8.0 ± 0)
Table 2 Complications for viruses detected among infants
and children with pneumonia.a
Complications
ICU MV Death
RSV 18(11.4%) 10(6.3%) 9(5.6%)
ADV 3(11.5%) 1(3.8%) 1(3.8%)
hMPV 1(3.0%) 1(3.0%) 1(2.9%)
H1N1 3(50.0%) 3(50.0%) 1(16.7%)
Flu B 0(0.0%) 0(0.0%) 0(0.0%)
hPIV 6(16.2%) 4(10.8%) 2(5.3%)
Mixed 8(18.2%) 7(15.9%) 6(13.3%)
a Values are presented as number (%).
76 N. ElBasha et al.and (5.9 ± 2.3) days for H1N1, ADV, RSV, mixed infection,
hMPV, Flu B and hPIV respectively. Table 2 presents compli-
cations and severity index for viruses detected among infants
and children with pneumonia.
Discussion
RSV was the most predominantly isolated virus from all pa-
tients (197, 63.3%) in this study. Between March 2008 and
April 2009, Bezerra et al.9 conducted a study to identify the
viral etiology of pneumonia in Brazilian children <5 years.
and they found RSV to be responsible for 37.3% of cases. In
an earlier study by Vieira et al.10 they reported that RSV sig-
niﬁcantly predominated over other viruses (100:14) and bacte-
ria (100:15), indicating its leading role in the etiology of severe
lower respiratory infections in infants and young children in a
developing country environment.
Overall, the results regarding RSV were similar to those ob-
served in different other countries, in accordance to the
hypothesis that the virus is the single most frequent lower
respiratory tract pathogen in infants and young children
worldwide.11–13 Thus, providing further support that RSV vac-
cination may offer considerable public health beneﬁt.
A total of 130(40.1%) cases had underlying chronic disease,
67 cases presented by chronic cardiac diseases, 31 cases by
chronic neurological disease and 21 cases by chronic respira-
tory diseases. Again, RSV was the most common single virus
to cause pneumonia in children with chronic illnesses,
62(47.6%) out of 130, mainly in congenital heart diseases (30
cases). RSV infection is a further threat to particular condi-
tions of CHD patients: infants with congestive heart failure,
cyanosis, or pulmonary hypertension. Under these cardiac
conditions there is severely restricted capacity of cardiac func-
tion to increase cardiac output and oxygen delivery. As RSV
pneumonitis progresses in those infants with compromised car-
diac performance, oxygen uptake becomes markedly impaired
and the work of breathing gradually increases.14–16
Most pathogens were represented within each of the disease
complication groups; with prevalence being broadly similar ex-
cept for H1N1which was the most prevalent in patients having
complications (Table 2). Although the most commonly iso-
lated virus in our study, RSV came third in causing complica-
tions following hPIV and H1N1. Similar to our ﬁndings,
Bezzera et al.9 reported no difference in disease severity in chil-
dren in whom one or multiple pathogens were detected.
RSV has been associated with pneumonia and severe lower
respiratory illness compared to other respiratory viral andbacterial pathogens in children from other low and middle in-
come countries including Thailand, Indonesia, Gambia and
Kenya.17–20 These lines of evidence suggest that for children
<2 years of age RSV may be one of the major contributors
of respiratory illnesses in both low and middle-income
countries.21
We identiﬁed hMPV in 34(10.9%) patients, 28(82.3%) of
them were <1 year old. This comes in agreement with a study
conducted in Alaska, where hMPV was more frequently iden-
tiﬁed in children <3 years of age hospitalized with respiratory
infection than in children who did not develop respiratory
symptoms suggesting that infection with the virus may be asso-
ciated with severe illness especially in younger generations.22
Out of 311 patients, 6 were positive for H1N1 making the
virus the second least common (after Flu B in a single patient)
in our study. Giving the fact that the vaccine was refused pub-
licly in Egypt, the low prevalence of H1N1 cannot be due to vac-
cine administration. The rapid decline in the number of
infections might be explained by unknown herd immunity to
pandemic inﬂuenza virus.23 Interestingly, the severity and com-
plications we reported with H1N1 were noticeably greater than
other viruses. A recent report by Louie et al.24 analyzed three
hundred forty-ﬁve children who were hospitalized with or died
of the 2009 novel inﬂuenza A (H1N1), 94(27%) required inten-
sive care, and 9(3%) died. Our high rate of complications is ex-
plained by the lack of antiviral intake, whereas more than two-
thirds (221 of 319; 69%) of their patients received antiviral treat-
ment, 44% (88 of 202) within 48 h of symptom onset knowing
that delayed antiviral therapy can affect disease severity and
mortality in patients with pandemic inﬂuenza A (H1N1).
All cases were subjected to radiological diagnosis and had
at least one positive ﬁnding either consolidation or inﬁltration
being almost equally represented in 170(54.6%) and
162(52.1%) respectively, which could be due to viral pneumo-
nia in study, or underlying lung condition in 21(10.6%) cases.
Recently, Guo et al.25 analyzed chest radiographs of 210 con-
ﬁrmed cases of viral pneumonia retrospectively and concluded
that the predominant radiological ﬁnding in children with viral
pneumonia was bilateral patchy areas of consolidation.
Seasonal pattern was observed for the majority of viruses,
with peaking incidence during winter and spring, in agreement
with studies done in other temperate climates, where RSV usu-
ally causes yearly outbreaks in winter or early spring. A better
understanding of seasonal and clinical patterns of these out-
breaks can lead to the improvement of medical diagnosis
and treatment, especially for the more severe cases.26
The objective of the current study was to identify the viral
pathogens associated with community acquired pneumonia in
children and literature suggests that viral pathogens are pre-
dominant contributors of community acquired childhood
pneumonia.27
Our study has some limitations as it is conducted in a single
center and included patients who were admitted through 1 year
only and such surveillance need to be applied over several
years and on multicenter to detect the variation in the pattern
of occurrence of respiratory virus infections from year-to year.
We also did not evaluate for bacterial etiologies as all hospital-
ized cases of severe pneumonia receive antibiotics on admis-
sion and so 422 cases had ve PCR results, unknown
whether they are having a primary bacterial origin for pneu-
monia or they are positive for other viruses not included in
our PCR study such as Rhinovirus.
Contribution of viruses to severe pneumonia in children 77Conclusion
In conclusion, RSV was the most predominantly isolated virus
from all patients in addition to being the most common single
virus to cause pneumonia in children with chronic diseases.
Although the most commonly isolated virus in our study,
RSV came third in causing complications following hPIV
and H1N1, but this observation cannot be applied to the
community.Conﬂict of interest
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